Z. (2019) Stellaria ruderalis, a new species in the Stellaria media group from central Europe. -Preslia 91: 391-420 A new allotetraploid species in the Stellaria media group, S. ruderalis M. Lepší, P. Lepší, Z. Kaplan & P. Koutecký, which is possibly of hybridogenous origin between S. pallida and S. neglecta, is distinguished and described based on a biosystematic revision of the S. media group. A suite of biosystematic techniques, including molecular (internal transcribed spacer sequencing), karyological (chromosome counting, flow cytometry), multivariate morphometrics and phenological observations, was used to assess the variation in this species group and determine the taxonomic status of the species. All the methods employed produced similar results and supported the delimitation of four species within the Stellaria media group in central Europe: Stellaria ruderalis (2n = 4x = 44), S. pallida (2n = 2x = 22), S. neglecta (2n = 2x = 22) and S. media s. str. (2n = 4x = 40). Stellaria ruderalis is a winter annual growing mainly in disturbed ruderal open or semi-open communities. This species' broad ecological amplitude allows it to commonly co-occur with its three related species. It is probably a widespread species in southern and central Europe. It is currently spreading in the northern part of central Europe. Photographs of the type specimen and individuals of the new species in situ are presented. Scanning electron micrographs of seeds, microphotographs of seeds and mitotic chromosome spreads and a key for the identification of all four species are provided. K e y w o r d s: Caryophyllaceae, flow cytometry, internal transcribed spacer (ITS) sequencing, karyology, multivariate morphometrics, Stellaria media agg., taxonomy
Introduction
The Stellaria media group comprises three currently recognized species: S. media (L.) Vill., S. pallida (Dumort.) Crép. and S. neglecta Weihe, which are native to Eurasia and North Africa; their distribution centre is in southern and central Europe (Chater & Heywood 1964 , Scholte 1978 , Chen & Rabeler 2001 , Morton 2005 , Marhold 2011 ), but they have been introduced elsewhere (van Kleunen et al. 2019 ). The group is distinguished by the following set of characters: upper leaves sessile, lower leaves distinctly petiolate, leaves and bracts ovate or elliptical with round bases, stems terete, usually with a single line of hairs along each internode, rarely with two lines or glabrous, or in S. neglecta subsp. cupaniana (Jord. et Fourr.) Nyman, hairy all around, bracts herbaceous, flowers in dichasia, petals small or absent, at most one third longer than sepals, bifid almost to the base, and by a base chromosome number of x = 11 (except for dysploid S. media, see below). Within the genus Stellaria, this species group is assigned to subsection Petiolares Fenzl of the section Eustellaria Fenzl (Peterson 1936 , Miller & West 2012 or to the subgenus Alsine (L.) Tzvelev (Belkin 2011) . Some authors even place the S. media group in the separate genus Alsine L. (Löve & Löve 1975) ; however, a molecular phylogeny does not support this classification (Greenberg & Donoghue 2011) .
The most widespread taxon in this group is the tetraploid S. media, which is considered native to Europe but has a worldwide secondary distribution. It is generally absent only from the most arctic regions and very dry areas, but in the tropics it is common only at high altitudes (Turkington et al. 1980) . It is a noxious weed of crops and also a ruderal characterized by early maturity and a wide ecological tolerance. Its very variable morphology has led some authors to describe many taxa, which are, however, mainly based on characters that are strongly influenced by the environment, are not retained in cultivation and show continuous variation (Scholte 1978 , Turkington et al. 1980 ). This species is characterized by flowers with petals as long as or shorter than the sepals, 3-5 (-10) stamens and seed with rounded to flat tubercles on the dorsal surface (Chater & Heywood 1964 , Whitehead & Sinha 1967 , Scholte 1978 , Turkington et al. 1980 , Miller & West 2012 . There are two cytotypes of S. media s. str. in Europe. The 2n = 40 cytotype is widespread whereas the 2n = 44 cytotype is confined to the southern part of the continent (Scholte 1978) . These two cytotypes differ somewhat in morphology; however, they are not considered morphologically distinct because of the occurrence of intermediates. Despite the fact that they often occur sympatrically, no spontaneous hybrids are reported (Scholte 1978) . Hybrids can be produced artificially, but they are less fertile (Peterson 1936) . Some morphotypes of the 44-chromosome cytotype even have characters of S. pallida and S. neglecta (Scholte 1978) , which indicates that S. media deserves further biosystematic attention.
The diploid (2n = 22) S. pallida is mainly a European taxon, with a distribution centre in southern Europe, extending eastwards to Anatolia and central Asia. It occurs secondarily in northern Europe, China, the Americas and Australia (Chen & Rabeler 2001 , Miller & West 2012 . It grows in open or semi-open sandy places such as established dunes or open pine forests. It is also a weed of cultivated plants and a ruderal (Whitehead & Sinha 1967 , Dvořáková 1990 , Chen & Rabeler 2001 . From the rest of the group it is distinguished by 1-3 (-4) stamens, small, up to 1 mm long and light-brown seeds and absent or minute petals (Chater & Heywood 1964 , Whitehead & Sinha 1967 , Scholte 1978 , Miller & West 2012 .
Stellaria neglecta (2n = 22) mainly inhabits riparian woods and scrubs, stream sides and wood margins and other semi-shaded places (Whitehead & Sinha 1967 , Scholte 1978 , Dvořáková 1990 ). Its distribution extends from Europe to the Russian Far East and as an alien it is currently spreading in North America (Jalas & Suominen 1983 , Morton 2005 , Belkin 2011 ). The diagnostic characters of this taxon are 8-10 (-11) stamens, petals usually equalling or exceeding sepals and long conical tubercles on seeds (Chater & Heywood 1964 , Whitehead & Sinha 1967 , Scholte 1978 . In addition to the widespread diploid S. neglecta, there are also rare records of tetraploids (2n = 44) from Italy. However the relationship of these two cytotypes is unclear (Peterson 1936 , Scholte 1978 . Further, S. neglecta subsp. cupaniana (diploid, 2n = 22, Runemark in Kamari et al. 1996 ) is a Mediterranean taxon, which differs from the type subspecies in having hairy stems and inflorescences (Chater & Heywood 1964 , Scholte 1978 , Marhold 2011 . Sometimes it is ranked as a subspecies of S. media and its classification requires further taxonomic study (Scholte 1978) .
All the aforesaid species are very variable and it is difficult to find any clear-cut morphological distinction between them, though they can usually be distinguished when all relevant characters are considered together (Whitehead & Sinha 1967) . This and their distinct cytology are the reasons why these taxa have usually been treated as separate species, particularly recently (Chen & Rabeler 2001 , Morton 2005 , Belkin 2011 , Marhold 2011 , Miller & West 2012 . Differences in their biology also support their separation: S. pallida is an autogamous and sometimes cleistogamous summer annual or winter annual, S. media is both an autogamous and occasionally cross-pollinated summer or winter annual and S. neglecta is usually a cross-pollinated but self-compatible winter annual or biennial (Peterson 1936 , Dvořáková 1990 , Morton 2005 . Finally, there is no evidence of gene flow between the species (Chater & Heywood 1964) . However, Scholte (1978) reports many intermediate forms between S. media and the tetraploid S. neglecta in the Mediterranean area and concludes that these taxa are not distinct in this region and seem to be in an active stage of evolution. This stands in contrast with the situation in north-western Europe, where the taxa are clearly different (Scholte 1978) .
In the Czech Republic, all three species are recognized (Dvořáková 1990 , Danihelka et al. 2012 . Although S. media is ubiquitous in this country, the remaining taxa have more limited distributions: S. neglecta is confined to hilly areas and lowlands in central and north-western Bohemia and S. pallida occurs mainly in eastern and central Bohemia and southern Moravia (Dvořáková 1990 , Fajmon 2007 . Stellaria pallida recently started to spread into areas where it had never been recorded. A similar trend is reported for S. neglecta in southern Bohemia (Boublík & Petřík 2013) . However, these plants differ morphologically from S. neglecta occurring in central Bohemia, which stimulated us to study the S. media group in the Czech Republic. Here we present a biosystematic revision of the S. media group and describe a new species, S. ruderalis.
Material and methods

Plant material and field work
Samples for morphometric and molecular analyses, flow cytometry, karyology, a garden experiment and herbarium specimens were collected in May 2017. Flowers were stored in 70% ethanol. Numbers of individuals sampled per species are summarized in Table 1 and details of the localities in Appendix 1. Herbarium specimens are deposited in the herbarium of the South Bohemian Museum in České Budějovice (CB; Thiers 2019). Flow cytometry DAPI flow cytometry was used to assess the DNA ploidy levels of 51 individuals, following the simplified two-step procedure of Doležel et al. (2007) . About 0.25 cm 2 of leaf tissue of each individual was chopped together with an appropriate amount of the internal standard (Bellis perennis leaf tissue; 2C = 3.38 pg, Schönswetter et al. 2007 ) using a sharp razor blade in a Petri dish containing 0.4 ml of ice-cold Otto I buffer (0.1M citric acid, 0.5% Tween 20). The suspension was filtered through a 42-μm nylon mesh and incubated for 5-10 min at room temperature. After this incubation, isolated nuclei were stained with 0.8 ml of Otto II buffer (0.4 M Na 2 HPO 4 .12H 2 O) supplemented with 2-mercaptoethanol (2 μg/ml) and 4',6-diamidino-2-phenylindole (DAPI) (4 μg/ml). Samples were run through a Partec PA II flow cytometer (Partec GmbH, Münster, Germany, now Sysmex) equipped with a mercury arc lamp as the UV light excitation source. The fluorescence intensity of 3000 particles was recorded. Fluorescence histograms were evaluated using FloMax 2.6 software provided by the cytometer manufacturer. Individual standard-to-sample ratios are given in Appendix 1.
Karyology
Chromosome counts were determined using root tips of germinating seedlings. Seeds originated from individuals ID 87, 112 (S. media), ID 120, 132 (S. neglecta), ID 99, 105 (S. pallida), ID 81 (S. ruderalis). See Appendix 1 for details of the localities. Seedlings were pretreated for four hours in p-dichlorobenzene and then fixed in freshly prepared Carnoy's fixative (ethanol : acetic acid 3 : 1) for 15 min at room temperature and stored at -20°C until required. For chromosome preparation a modified protocol of Mandáková & Lysak (2016) was applied. The seedlings were washed in distilled water twice for 5 min, then in 1× citrate buffer twice for 5 min and then the buffer was replaced with an enzymatic mixture (0.3% pectolyase, 0.3% cellulase, 0.3% cytohelicase in citrate buffer). After 90 min digestion at 37°C, the enzymatic mix was replaced with 1× citrate buffer and the temperature of the material reduced to 4°C for 15 min. Afterwards, each seedling was placed on a slide, the meristematic part of root tip was separated and the rest of the seedling was discarded. The meristem was tapped with a preparation needle until a suspension formed. Then, 20 μl of 60% acetic acid were added to the suspension, the slide was placed on a heating block at 50°C and the suspension spread with a preparation needle for 30 s. Afterwards, 100 μl of freshly prepared Carnoy's fixative was added in order to fix the chromosomes, the liquid was drained by tilting the slide and the dry slide was placed in a box kept at 4°C. Lastly, 15 μl of Vectashield with DAPI were added as a staining solution and the preparation was covered with a cover slip and fixed with nail polish. Chromosomes were observed under a Nikon Eclipse E600 fluorescence microscope equipped with a Nikon DS-Qi1Mc camera and images were obtained using NIS-Elements AR software. For every chromosome count, at least five sets of chromosomes at the metaphase stage of mitosis were observed.
Molecular analyses
To gain an insight into the differences between the individual taxa, we performed a pilot study using the internal transcribed spacer (ITS) region of nuclear ribosomal DNA. Total genomic DNA was extracted from silica-dried leaves of 49 individuals (see Table 2 and Appendix 1 for locality details) following the CTAB-protocol (Doyle & Doyle 1987) with minor modifications. The ITS region was amplified using the ITS-F forward primer (King et al. 2001 ) and the ITS4 reverse primer (White et al. 1990) . Each PCR was run in 7.5 μl reactions containing 3.75 μl of Plain PP Master Mix (Top-Bio, Czech Republic), 0.45 μl of each primer (concentration 5 μM), 1.85 μl of H 2 O and 1 μl of the sample DNA. The cycling program was: 94°C for 5 min; 35 cycles of 94°C for 30 s, 53°C for 30 s and 72°C for 1 min, with final elongation at 72°C for 10 min. Successful amplifications were purified with Escherichia coli Exonuclease I and FastAP (Thermosensitive Alkaline Phosphatase; Fermentas, Germany) following the manufacturer's instructions and sequenced using the ITS4 primer by a commercial company (GATC Biotech, Germany). Selected samples of all taxa were sequenced also from the opposite direction using the ITS-F primer to confirm the polymorphisms, and consensus sequences were used. Raw sequence data were inspected using Finch TV 1.4 software (Geospiza, USA); positions showing multiple peaks (with the lower peak at least one-fourth of the height of the higher peak) were coded using standard IUPAC ambiguity codes. The resulting sequences were aligned manually using BioEdit 7.2.0 (Hall 1999) . The sequence data are deposited in the GenBank database; see Table 2 for accession numbers.
As most of the variable sites contained ambiguous bases and because an additive pattern was visible in many samples, the sequence data were visualized as a network using SplitsTree 4.14.8 software (Huson & Bryant 2006) . We applied a Neighbour Net algorithm based on uncorrected P distance; the handling of ambiguous states was set to average (however, we also tested the "match states" option, which resulted in a network with a similar structure).
Morphometric analyses
Multivariate morphometric analyses were used to reveal species-specific characters of the newly recognized species and how differs from those of the three related and cooccurring taxa in the S. media group: S. media, S. neglecta and S. pallida. A set of 12 quantitative characters was chosen based our observations, identification keys, floras and taxonomic studies (e.g. Chater & Heywood 1964 , Whitehead & Sinha 1967 , Scholte 1978 , Dvořáková 1990 , Fischer 2008 , Stace 2010 . The characters are listed in Table 3 . Characters were measured using a ruler or a stereo microscope (total magnification range 6.3×-57×). Three measurements of each character per individual were recorded and their arithmetic mean was used as the value for the given individual in all morphometric analyses. Each individual consists of several stems, allowing multiple measurements of each predefined character. Flowers and fruits were sampled at the beginning of the fruiting period of each individual. Pearson correlation coefficients were calculated for pairs of characters of each species and for the whole dataset. Principal component analysis (PCA) was used to provide an insight into the overall pattern of morphological variation and reveal potential separation of the species analysed. Prior to the PCA, the data were logtransformed and standardized to zero mean and unit standard deviation. Linear discrimination analysis (LDA), which maximizes differences between a priori defined groups (based on genome size data), was used to test the discriminating power of morphometric characters, following the methodology described by Lepš & Šmilauer (2003) . Forward selection of characters using non-parametric Monte Carlo permutation tests (999 permutations) was employed. The PCA and LDA were carried out using CANOCO 4.5 software (Lepš & Šmilauer 2003) . A cross-validated classificatory linear discriminant analysis 
length of bract of the first flower (cm)
breadth of a pedicel of the first flower (mm) PDB *The two main branches of the dichasia in members of the Stellaria media group may be unevenly long. Therefore, we measured the lengths of the two first parallel internodes (i.e. internodes above the first flower) and used their ratio as a proxy of this character.
based on probabilities using only characters selected by the previous analysis was performed in R version 2.12.2 (R Development Core Team 2011) using the "lda" function in the MASS package (Venables & Ripley 2002) . Univariate statistics (minimum, maximum, median, quartiles) of quantitative characters of all individuals were calculated and used in the description of the species. They are summarized in Table 3 for all the species studied.
Seed germination and life cycle
This experiment was carried out in České Budějovice at L. B. Schneidera street 6 (48°57'42.6"N, 14°28'16.3"E, WGS84). Ten seeds from each of 51 individuals were sown in flower pots on 12 June 2017 (seeds of one individual per pot). Sterile potting soil composed of peat and bark compost was used. The pots were placed in sand to prevent them from rapidly drying out. They were also protected from direct sunlight by shade netting and against heavy rain by transparent plastic foil. The plants were regularly irrigated during the experiment. Most of the seeds in a pot germinated within three days of the emergence of the first seedling. The date of emergence of the first seedling was recorded and used in the results presented below. Germination was monitored every day for 77 days; the plants were then cultivated until April 2018.
Results and discussion
Our field observations, detailed investigations of herbarium material, results of flow cytometry, karyology, molecular analyses, morphometric analyses and observations on phenology are congruent with each other and support the delimitation of four species within the Stellaria media group in central Europe. Three of them correspond to S. pallida, S. neglecta and S. media s. str., and the fourth is described below as a new species under the name S. ruderalis.
Ploidy level
Flow cytometry yielded high-resolution histograms with coefficients of variation of both the sample and the standard peak mostly below 2%. Four distinct groups with non-overlapping relative genome sizes were revealed, two putatively diploid and two putatively tetraploid ( Table 1 ). The detected ploidy levels of the three previously recognized species correspond to the reported chromosome numbers (e.g. Chater & Heywood 1964) .
Karyology
We confirmed the chromosome number of 2n = 22 for both of the diploid species S. neglecta and S. pallida (Fig. 1A, B ). For both species these findings are the first records from the Czech Republic and are congruent with most of the records of their karyology from Europe (Rice et al. 2015) . In tetraploids we found the relative genome size differed for different chromosome numbers. We detected 40 chromosomes in Stellaria media (2n = 4x = 40; Fig. 1C ), which is in line with the only record from the Czech Republic from southern Moravia (Měsíček & Jarolímová 1992) and with published counts from many other countries all over the world (Scholte 1978 and references therein) . Stellaria ruderalis is also tetraploid but has 44 chromosomes in somatic cells (2n = 4x = 44; Fig. 1D ). This chromosome number is reported for Stellaria media s.l. in a few mostly south-European countries, Georgia and Iran (Peterson 1936 , Scholte 1978 , Keshavarzi & Esfandani Bozchaloyi 2014 , Rice et al. 2015 .
Molecular analyses
The alignment of the ITS region was 709 bp long and contained only substitutions; no variation in length was recorded. In total, 24 sites were polymorphic in at least two samples and one additional unique polymorphism occurred ( Table 2 ). The phylogenetic network ( Fig. 2) shows that diploid taxa S. neglecta and S. pallida are clearly different and relatively homogeneous. The little infra-specific variation is associated with a few sites that in some samples display intra-individual polymorphisms, with one of the contributing bases being the same as in the "pure" variants.
In the tetraploid S. media, three main sequence types can be recognized. Five samples had a very distinctive sequence that is specific to this species. In the other five samples this specific sequence was combined with that of S. neglecta in an additive manner. One sample (ID 76) had a sequence identical with one of the S. neglecta variants. The ITS region has been subject to concerted evolution during which the repetitive DNA sequences were homogenized, resulting in different parental copies prevailing in different individuals, but this process may be incomplete in evolutionary young taxa (e.g. Koch et al. 2003) . Such a process may account for the pattern recorded in our dataset. Most likely, S. media is an allotetraploid, with one parent being S. neglecta. The other parent, contributing the S. media-specific sequences, was not sampled and could be an unknown genotype or even unrecognized taxon originating from southern Europe or adjacent western Asia. Indeed, Scholte (1978) postulates that S. media arose from a S. neglecta-like ancestor, although the exact origin suggested by him is different: he assumes either an autotetraploid origin from S. neglecta or, less probably, an allopolyploidy of the hybrid between S. neglecta and S. pallida. The allopolyploid S. media either underwent a chromosome number change leading to x = 10 or it originates from the hybridization of a taxon in which x = 11 (S. neglecta-like) and one in which x = 9, but we consider the later unlikely as this chromosome number is not recorded in any of the related Stellaria taxa.
The last taxon, S. ruderalis, is the most variable of the four taxa studied. The ITS region of some individuals is similar to that of S. pallida, but others additively combine S. pallida and S. neglecta-like variants. However, the latter always exhibits a few S. ruderalis-specific sites. Therefore, S. ruderalis might be an allopolyploid between S. pallida and a taxon or genotype close to but not identical with the central-European S. neglecta. One individual (ID 97) contained the S. media-specific ribotype combined additively with that of S. ruderalis; in this individual we cannot exclude some role of hybridization at the tetraploid level, although this individual did not differ in genome size or morphology from most populations of S. ruderalis.
In summary, our preliminary data confirm the separate status of S. ruderalis among central-European taxa. Our pilot study also revealed considerable intra-specific variation in the ITS region. To elucidate the origins of all the taxa (both tetraploids are likely to be allopolyploid) and their phylogenetic relationships, other molecular markers are needed. Chloroplast markers, for example, could indicate the direction of hybridization. Moreover, broader sampling throughout the distributions of all taxa is desirable, as some regional-scale differentiation might be present. For a proper phylogenetic analysis of the ITS region, sampling more individuals is necessary to capture different variants that might be fixed by concerted evolution, especially in polyploids.
Morphometric analyses
No highly correlated characters (r > |0.95|) were found, so all characters were used in the multivariate analyses. PCA showed a clear morphological differentiation between all the taxa studied (Fig. 3) . The characters contributing the most to the first principal component (explaining 49.0% of the overall variation) were: seed length (SEL), petal length (PL), tubercle height (TL), number of stamens (NS), sepal length to petal length ratio (SL/PL). The first axis separates the diploids S. neglecta and S. pallida whereas the tetraploids S. media and S. ruderalis formed a distinct group in an intermediate position between the diploids. The second axis separates the tetraploids and diploids. The most tightly correlated characters with the second component axis (explaining 16.8% of the overall variation) were the ratios of the lengths of first internodes of dichasium branches (IR), ratio of the lengths of the bract of the first flower to the breadth of the bract of the first flower (BL/BB) and length of the bract of the first flower (BL). The two tetraploids, S. media and S. ruderalis, were clearly separated along the third axis (Fig. 3) . The third axis explained 10.9% of the overall variation and the most strongly correlated characters were: number of papillae on the front side of each tubercle (NP), BL/BB and NS.
A subsequent LDA also revealed that these four species are morphologically distinct. No overlap in the canonical scores was detected. Similar to the PCA, the first axis (explaining 32.2% of the overall variation) separates the diploids, whereas the tetraploids formed a distinct group between the diploids. The second axis (explaining 29.1% of the overall variation) separates the tetraploids and diploids (Fig. 4) . The most tightly correlated characters were number of papillae on the front of each tubercle (NP), number of stamens (NS) and petal length (PL). The separation of the two tetraploids was distinct along the third component axis (explaining 24.3% of the overall variation, Fig. 4) . The most correlated characters were NP, ratio of lengths of first internodes of dichasium branches (IR) and tubercle height (TL). The forward selection procedure identified five characters with a significant conditional effect: PL, NS, NP, TL, IR; all characters had significant marginal effects (Table 4 ).
The classificatory discriminant analysis using these characters resulted in correct classification in all cases. The LDA of the two morphologically close tetraploids, S. media and S. ruderalis, revealed no overlap in the canonical scores for these species. The for-s Fig. 4 . -Results of linear discriminant analysis based on five morphological characters of four species in the Stellaria media group. The characters were selected by a forward selection procedure. The first, second and third canonical axes are displayed, explaining 32.2%, 29.1% and 24.3% of the variation in the data, respectively. Discriminating characters, centroids of classes (crosses) and canonical scores of individual plants on the first, second and third discriminating axes are displayed. For abbreviations of character names, see Table 3 .
£ Fig. 3. -Results of principal component analysis based on twelve morphological characters of the four species in the Stellaria media group studied. The first, second and third ordination axes are displayed. These explain 49.0%, 16.8% and 10.9% of the overall variation, respectively. For abbreviations of characters, see Table 3. ward selection procedure identified four characters (NP, TL, PL and SL/PL) with a significant conditional effects and eight characters with significant marginal effects (Table  4 , BL, BL/BB, NP, PDB: breadth of the pedicel of the first flower, PDL/PDB: ratio of the length of pedicel of the first flower / breadth of pedicel of the first flower, PL, SEL, TL). The cross-validated discriminant analyses using these four and eight characters, respectively, resulted in correct classification in all cases.
The results of our morphometric analyses and field observations are in line with all major diagnostic characters used for the delimitation of the taxa in this group in taxonomic works and floras (Peterson 1936 , Whitehead & Sinha 1967 , Scholte 1978 , Morton 2005 . However, we have not observed the differences between the species in the indumentum of sepals reported by Scholte (1978) , and we also did not find any seeds of S. media s. str. that were smaller than 1 mm, which contradicts the reported seed size of (0.8-) 0.9-1.3 (-1.4) mm (Chater & Heywood 1964 , Whitehead & Sinha 1967 , Scholte 1978 , Turkington et al. 1980 , Miller & West 2012 . Our sampling might not cover the entire range of variability in seed size; for example, S. media may produce smaller seeds under unfavourable condition on dry and nutrient-poor soils. In a similar manner, our dataset used in the morphometric analyses did not include any measurements of flowers of S. media and S. ruderalis with ten stamens, even though we observed these numbers several times in the field.
Seed germination and life cycle
The species studied differed significantly in terms of seed germination and flowering. Part of the sample for S. media and all of that for S. neglecta germinated after 7-15 and 9-22 days, respectively, whereas the seed of S. ruderalis, S. pallida and remaining seed of S. media started to germinate approximately 48-77 days after sowing (Fig. 5 ). All plants of S. media (except for one which was of aberrant appearance and did not flower) flowered and produced seeds in the year they were sown whereas the remaining three species bloomed the following year. All individuals of S. pallida and 80% of those of S. ruderalis 404 Preslia 91: 391-420, 2019 Table 4 . -Morphological characters of species of the Stellaria media group with a significant conditional effect (i.e. the effect of the variable in addition to other variables already included in the model) in forward selection of two separate linear discriminant analyses: (i) characters of all cytotypes (diploid and tetraploid), (ii) characters of tetraploids (S. media and S. ruderalis). Arithmetic means of three measurements of each character per individual were used. Significance was tested using the Monte Carlo permutation test (999 permutations). l -eigenvalue, i.e. discriminant force of a particular character, P -P-value (conditional effect), marg. -characters with significant marginal effects (i.e. the effect of the variable when alone in the model). The contributions of characters to the ordination axes are depicted in Fig. 4 . For abbreviations of characters, see Table 3 .
All species Tetraploids
Character were in flower on 9 April 2018, whereas all those of S. neglecta (except for two samples that did not survive the winter) and the remaining individuals of S. ruderalis started to bloom between 9 and 16 April 2018. It is likely, however, that garden conditions affected their phenology. For example, artificial conditions reportedly prevent the flowering of S. neglecta (Whitehead & Sinha 1967) and caused all the taxa in our experiment to flower earlier in spring than plants growing in situ. We also observed S. ruderalis flowering in autumn in its original environment in the city of České Budějovice. In general, our observations on phenology are in line with published data: S. neglecta, S. pallida and "S. media" with 2n = 44 (i.e. probably S. ruderalis) are mostly winter annuals, whereas S. media with 2n = 40 (i.e. S. media s. str.) is a summer annual (Peterson 1936 , Morton 2005 . Etymology: The epithet "ruderalis" refers to the ecological demands of this species, which occurs in a diversity of ruderal habitats. We propose the epithet "rumištní" for the Czech name.
Stellaria ruderalis
Taxonomy and similar species
Stellaria ruderalis is morphologically intermediate between S. media and S. neglecta; however, in some characters (yellowish-green colour and condensed inflorescence) it may also resemble S. pallida, which seems to be one of the parents of this allopolyploid.
In petal length and the number of stamens it resembles S. media, which differs significantly in having flat-topped or rounded, rarely shortly conical tubercles on the seeds that are usually as long as wide and with scattered to abundant papillae on their upper part (Figs 9-10) . In contrast, S. ruderalis has conical and longer than wide tubercles on seeds, with no or few papillae on their surface. It should be noted that some capsules of S. ruderalis may contain a few seeds that have the same morphology as those of S. media; for reliable identification it is, therefore, necessary to examine several seeds per plant.
Other less distinct characters of S. media are a darker (green up to dark green) colour and smaller size (up to 50 cm), often prostrate stems, a lax inflorescence, usually broadly ovate leaves and bracts, and the first internodes of the inflorescence remarkably unevenly long. In S. ruderalis, these characters are: ± yellowish-green plants, up to 80 cm tall, ascending, upper leaves and bracts ovate or elliptical, inflorescence at first usually condensed, and the first internodes of the inflorescence not remarkably unevenly long. Plants of S. neglecta are similar in size to those of S. ruderalis and there are long conical tubercles on their seeds. However, S. neglecta has usually more stamens (8-10) than S. ruderalis (3-10), longer petals (longer or ± as long as sepals), more papillae on the tubercles on the seeds, thinner pedicels (see Table 3 ), a lax inflorescence, darker seeds and green coloured plants. Stellaria pallida is the most distinct taxon in the S. media group because it has small seeds whose length only slightly overlaps that of the other species (Whitehead & Sinha 1967) . Another significant character of S. pallida is minute or absent petals; however, petals may rarely be absent also in S. media and S. neglecta (Whitehead & Sinha 1967) . The small size of the plants (up to 35 cm), ascending and reflexed stigmas, and light-coloured seeds can be used as supplementary characters for the differentiation of S. pallida from S. ruderalis, which has longer stems (up to 80 cm), mostly ascendant to rarely erect stigmas with only the apex revolute and light-brown to brown seeds. Taxonomic relationships of S. ruderalis with the eutetraploid forms (2n = 44) of S media and S. neglecta in Italy (Scholte 1978) is unclear. This author reports intermediate forms between them and also transitional morphotypes to S. media (2n = 40) and even to S. pallida (2n = 22). Our samples from southern Europe (see Appendix 2) indicate that at least some of the taxonomically unclear plants from Italy may belong to the newly recognized species. Stellaria ruderalis is relatively variable and very phenotypically plastic and to some extent it could resemble a transitional form between the three traditionally recognised taxa of S. media agg. The alternative (and not mutually exclusive) option is that the variability of the S. media agg. in southern Europe is more complex and boundaries between species are blurred.
Ecology
Stellaria ruderalis is a ruderal species. It grows mainly in disturbed ruderal open or semiopen communities such as grasslands and edges of ruderal scrub and diverse types of forests and tree plantations. It often occurs along roads and railways. It is also commonly recorded along rivers, especially in urban areas and inhabits (besides ruderal habitats) riparian semi-natural forest and shrub communities. This species grows mainly on moist to wet nutrient-rich soils on diverse, usually anthropogenic substrates, but is also recorded Fig. 10 . -Scanning electron microscopy of tubercles on the dorsal surface of seeds of the Stellaria media group: A -S. neglecta ID 135, tubercles long, conical, longer than wide, with scattered papillae on the upper part of their surface; B -S. pallida ID 99, tubercles shortly conical, as long as wide or slightly longer than wide, with scattered papillae on the upper part of their surface; C -S. media ID 90, tubercles short, rounded, up to as long as wide, with scattered papillae on the upper part of their surface; D -S. ruderalis ID 88, tubercles on seeds long, conical, longer than wide, with rare or no papillae on the upper part of their surface. Scale bars = 100.0 μm. See Appendix 1 for details of the localities. on alluvial deposits. We did not record S. ruderalis as a weed of crops, which is one of the typical habitats of S. media. However, both species can co-occur in other ruderal communities. These two species have very similar ecological demands. By contrast, S. neglecta is a species of semi-natural habitats such as wet to mesic, usually riparian forests and scrub. However, it also often grows together with S. ruderalis, especially adjacent to roads or railways or in the vicinity of these habitats. Finally, S. pallida is a species of sandy soils, but currently is spreading in urban lawns in the Czech Republic (Hadinec & Kaplan 2012) where we also recorded it occasionally together with S. ruderalis. The ecological amplitude of the newly recognized species is broad and overlaps that of the other species, especially, S. media.
Distribution
The distribution of S. ruderalis is incompletely known. In the Czech Republic, it is common in southern and central Bohemia, and also occurs in southern Moravia. It is currently spreading along roads, railways and rivers. The dynamics of its spread, residential status and distribution in the Czech Republic deserve further research. Outside this country we recorded this species in southern Slovakia, Lower Austria, Hungary, Slovenia, Croatia, Serbia, Italy including Sardinia and Greece (locality details in Appendix 2). It is probably a hitherto overlooked widespread species, especially in southern Europe.
Key to the identification of species of the Stellaria media group
We include all the relevant characters identified by the morphometric analyses along with our field observations and previously published data in the following key. For safe identification, it is essential to use mean values of 3-5 measurements of the same character from one individual. Seeds have to be ripe and flowers must not come from the end of the flowering period of an individual. It can be difficult to separate these taxa without good flowering and fruiting material and the identification of poor herbarium specimens is particularly difficult.
1a Petals absent or very short, up to one-third of the length of sepals; seeds up to 1 mm long. -Plants usually low, up to 35 cm high, yellowish-green; upper leaves and bracts ovate or elliptical; inflorescence usually condensed, the first internodes of dichasium branches not remarkably unevenly long; pedicels not remarkably thin, (0.16-) 0.24-0.40 (-0.56) mm wide; stamens (1-) 2-3 (-4); stigmas ascending and reflexed; seeds light brown to brown, tubercles on seeds short, rounded to shortly conical, usually as long as wide or slightly longer than wide, with scattered papillae on the upper part of their surface ....................... S. pallida 1b Petals usually present, one-third shorter, as long as or longer than sepals; seeds usually longer than 1 mm .... 2 2a Stamens (8-) 10, petals as long or slightly longer than sepals; pedicels remarkably thin, 0. -Locality details and herbarium vouchers of all the individuals of the species of Stellaria sampled for all the analyses used in this study. The specimens are sorted according to the Czech regionalphytogeographical classification system (Skalický 1988 ) and according to quadrant numbers of the Central European grid mapping system (Ehrendorfer & Hamann 1965) . Names of collectors are abbreviated as follows: KB = K. Boublík, ML = M. Lepší, PK = P. Kunzová, PL = P. Lepší. Other abbreviations are: FCM -value of the sample/standard ratio from flow cytometry analysis, ID -collection numbers of specimens. Accession numbers in the CB herbarium (acronym according to Thiers 2019) follow the initials of collectors. 
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